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Abstract
Word recognition for Western languages shows an increased probability of a correct response when words are presented to the
right of ﬁxation. We considered whether this right bias was consistent at eccentricities superior and inferior to ﬁxation and whether
this bias can be altered by diﬀerent presentation strategies. A right bias of up to 0.9 to the right of ﬁxation was found when words
were presented along one horizontal meridian. The eccentricities tested extended up to 8 above and below the point of ﬁxation.
However, the right bias was reduced for stimulus conditions where the word was randomly presented within a mosaic containing all
possible presentation locations. We have therefore demonstrated that reading habit (right bias) can be manipulated based upon
experimental paradigm, strongly supporting the proposition that the left–right asymmetry is a consequence of attending to a
particular area of visual space as part of the normal reading habit, rather than an innate superiority for word recognition of the right
visual ﬁeld or reduced visual performance.  2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction
Reading has been described as a language code picked
up through the visual or tactile system and then pro-
cessed further; a procedure involving an assembly of
human activities (Legein & Bouma, 1982). These activi-
ties include visual sensory input, accurate eye move-
ments, and higher cognitive aspects of comprehension,
reﬂecting the complexity of reading (Latham & Whi-
taker, 1996). In modern society, reading is critical,
therefore the requirement to use a less than optimum
retinal location for reading, for example peripheral ret-
ina secondary to central visual loss, imposes a major
problem for low vision patients. Even after training, low
vision patients have reduced speed of reading than those
whose central visual ﬁeld is intact (Latham & Whitaker,
1996). Despite increasing letter size with respect to in-
creasing eccentricity, peripheral reading speed is still re-
duced. Therefore, the periphery performs worse than the
fovea for the task of reading as well as showing diﬀer-
ential reading performance at diﬀerent eccentric loca-
tions (Chung, Mansﬁeld, & Legge, 1998; Fine & Rubin,
1999a,b; Fine, Hazel, Petre, & Rubin, 1999; Latham &
Whitaker, 1996; Legge, Rubin, Pelli, & Schleske, 1985;
Rubin, 2001). Studies of reading in the peripheral visual
ﬁeld are important in the visual rehabilitation of patients
with low vision. Representative of the complexity of vi-
sual information processing of the periphery, diﬀerent
visual functions fall-oﬀ diﬀerently with increasing ec-
centricity, with the fall-oﬀ of some visual functions, such
as vernier thresholds or word acuity thresholds following
the cortical magniﬁcation factor while others (grating
acuity, single letter acuity), closely follow the change in
photoreceptor density as a function of eccentricity (Ab-
delnour & Kalloniatis, 2001; Chung et al., 1998; Latham
& Whitaker, 1996; Levi, Klein, & Aitsebaomo, 1985).
Recognition of single English words tachistoscopi-
cally presented at one side of ﬁxation has been found to
be better in the right visual ﬁeld than in the left with
approximately a 1 left–right asymmetry (Bouma, 1973;
Mishkin & Forgays, 1952). The right visual ﬁeld bias has
been reported for letter strings (Bryden, 1970; Dornbush
& Winnick, 1965), and it has also been reported for
certain outline drawings (Bryden & Rainey, 1970; Wyke
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& Ettlinger, 1961). A small (Bryden, 1986) or absent
(Bouma, 1971; Heron, 1957; Hirata & Osaka, 1967) left–
right diﬀerence has been reported for single letters and a
left ﬁeld advantage has been reported for dot stimuli
(Kimura, 1966). It has been suggested that this is evi-
dence that the right ﬁeld advantage exists for complex
line stimuli only (Bouma, 1973).
The aim of this study was to determine whether
reading habit of English text, which requires attending
to an area of the visual ﬁeld during left-to-right reading,
is a factor in word recognition bias rather than the in-
nate superiority of the right ﬁeld or other factors such as
performance level. We considered the commonly found
right bias in word recognition and whether this bias
exists at eccentricities superior and inferior to ﬁxation.
The ﬁrst null hypothesis tested was that ‘‘word recog-
nition at eccentricities superior and inferior to ﬁxation
would result in a similar right bias’’. Using a second
presentation paradigm, we created uncertainty in the
location that the word was presented, and investigated if
this uncertainty in the location of word presentation
altered the right bias. The paradigm testing the ﬁrst null
hypothesis required the subject to attend to a horizontal
plane at one eccentricity. The second paradigm required
the subject to attend to all possible presentation loca-
tions (within a horizontal plane at eccentricities above or
below the point of ﬁxation). The second null hypothesis
tested was: ‘‘the right bias in word recognition is un-
changed with diﬀerent presentation paradigms’’.
2. Materials and methods
2.1. Subjects
Six students volunteered to participate in the current
study. All subjects, aged between 22 and 25 years of age
had normal or corrected-to-normal vision. The visual
acuity of the subjects was determined by utilizing a log-
MAR long distance letter acuity chart with Snellen let-
ters. Credit was given to each letter that was read
correctly. Pathology was absent and motility of the eyes
was found to be normal. During the study, vision was
determined monocularly with a natural pupil. Subjects
were not aware of the general purpose of the experiments
with most of the subjects having previous experience in
psychophysical experiments. Each session started with a
trial period in order to assist the observer to adapt to the
task. Written informed consent was obtained from each
participant after the procedures of the experiment were
explained, before the commencement of data collection.
2.2. Stimuli
Well known four-letter English words were selected
from the Oxford dictionary on a semi-random basis with
emphasis on having a fairly even distribution of the ﬁrst
letter of the word and of words with ascenders and de-
scenders. The word lists consisted of 360 words and each
trial commenced randomly at a diﬀerent position in one
of multiple word lists so as to minimize the chance that
the subjects could memorize the order. Stimuli were
generated and presented using a Tatung monitor using
Microsoft PowerPoint. All words were rendered in
lower case Times Roman font (Lovie, 1976). The words
were centered on their presentation positions and it was
inevitable that the words utilized would vary in their
horizontal width. However the width of the words was
measured and there was only a 1 diﬀerence in width
between words and since the words were randomly
presented, this diﬀerence would be present for all pos-
sible locations. Words were presented as high contrast
(c ¼ 0:81) black letters on a white background of 90 cd/
m2. The luminance of the screen was measured using a
Hagner––Universal photometer. Black text on a white
background was presented to subjects as it has been
reported that it is easier to read dark text on a bright
background than bright text on a dark background
(Legein & Bouma, 1982). Stimuli were presented under
the same conditions of luminance and contrast to all
subjects. Subjects were seated at a viewing distance of 50
cm and the height of the letters was 4 mm (0.74 logMAR
units) with the height of letters measured without as-
cenders and descenders using the logMAR principle
designed by Bailey and Lovie (1980). The choice of letter
size was predetermined in a series of preliminary trials
with a subject. The letter size was not scaled according
to the eccentricity of presentation because word size was
always above threshold.
A cathode-ray Gould Digital Oscilloscope (Model
#1425) with a photosensor was utilized to determine the
duration of each stimulus presentation. It was deter-
mined that presentation time was between 90 and 100
ms. Due to saccadic latency being 200 ms (Hart, 1992),
this presentation time was suﬃciently short to prevent
saccadic eye movements from inﬂuencing the results.
Subjects were instructed to ﬁxate on a cross, which
remained present throughout the duration of the ex-
periment. Each presentation was initiated when the
experimenter clicked a mouse at diﬀerent initiation
times. The observer verbally reported a word or stated
that it was illegible. The responses were recorded as
correct or incorrect on a prepared response sheet with
no feedback given to the subjects.
2.3. Psychophysical procedures
A method of constant stimuli was employed to de-
termine whether reading habit is a factor in the right
bias in word recognition. Presentations were at eccen-
tricities from 0 to 4 randomly to the left or right of
ﬁxation. Twenty trials were presented at each point of
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eccentricity, along horizontal planes superior and infe-
rior to the point of ﬁxation (0–4). We shall refer to this
series of experiments as the ‘‘4 experimental series’’.
The presentations were randomly to the left and to the
right of ﬁxation. However, the presentations were not
presented at a random eccentricity superior or inferior
to ﬁxation. Hence, a presentation in each condition was
at one of nine possible locations (see Fig. 1A for an
example of a presentation at 2 superior to the point of
ﬁxation). For ease of description of this method, we will
deﬁne these presentations as ‘x-random’ because pre-
sentations were non-random along the superior and in-
ferior horizontal planes, but the presentations were
presented at random to the left and to the right of ﬁx-
ation at each speciﬁc location.
Words were then presented randomly at each of 81
(9 9 matrix) points, with a maximum eccentricity of 4
for this experiment. The presentations were at random
throughout the visual ﬁeld testing locations to the left,
right, superior and inferior to the point of ﬁxation.
Hence, each presentation involved the word being pre-
sented at one of 81 possible locations (Fig. 1B). These
presentations will be described as ‘x–y-random’.
The study also proceeded to present words of 8 mm in
height (1.04 logMAR units) at eccentricities from 0 to
4 randomly to the left or right of ﬁxation. Once again,
20 trials were presented at each one of nine points at one
eccentricity, however this time the horizontal planes
superior and inferior to the point of ﬁxation were at
eccentricities of 0, 2, 4 and 8. We shall refer to this
series of experiments as the ‘‘8 experimental series’’.
The choice of letter size was predetermined in a series of
preliminary trials with a subject, in order to take into
account presentations at 8 of eccentricity. Words
were presented randomly to the left and to the right of
ﬁxation along each horizontal plane, with these pre-
sentations described as x-random. Stimuli were then
presented randomly at each of 63 positions (7 9 ma-
trix) for this paradigm.
2.4. Data analysis
After the percentages for the correct recognition of
words to the left and right, superior and inferior to
ﬁxation were collated, Excel solver was used to ﬁt the
data to a Gaussian model (Treutwein, 1995) using the
equation:
Nðx; l; rÞ ¼ 1
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The mean and standard deviation were obtained from
the ﬁtted functions and an example of the ﬁt is given in
Fig. 2. These ﬁtted functions were used to obtain the
mean and standard deviation for word recognition,
using the x- and x–y-random paradigm at the diﬀerent
retinal eccentricities. The possibility exists that the data
may be better described using a split Gaussian model
(e.g. Legge, Mansﬁeld, & Chung, 2001), with two dif-
ferent standard deviations used to ﬁt the data set. Fig. 3
outlines the results of the correlation obtained for the
standard deviation and mean of the Gaussian ﬁts ob-
tained for the x-random (panels A and B) and x–y-
random (panels C and D) for all data sets of 4 and 8
experimental series. The absolute diﬀerence in the size of
the standard deviation (SD) for the x-random condition
was 0:51	 0:33 and 0:71	 0:36, when comparing the
SD (single Gaussian) with SD1 or SD2 of the split
Gaussian ﬁt, respectively. For the x–y-random condi-
tion, the absolute diﬀerence in the size of the standard
Fig. 1. (A)The possible presentation locations for words presented in
the x-random condition. Words were presented randomly at one of
these nine horizontal locations at 2 eccentricity above ﬁxation (F). (B)
All possible presentation locations for words presented in the x–y-
random condition, with words presented randomly to the left, right,
superior and inferior to ﬁxation (F) throughout the 9 9 matrix, for
the 4 experimental series.
Fig. 2. Example of data obtained for the correct recognition of words
presented in the x-random condition at 4 superior to ﬁxation for
Subject 1, ﬁtted by a Gaussian curve. The mean (l) and standard
deviation (r) were determined from these ﬁts for all the eccentricities
studied. The x-random paradigm led to a correct word recognition bias
of 0.51 to the right of ﬁxation.
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deviation was 0:08	 0:11 and 0:07	 0:09, when com-
paring the standard deviation (single Gaussian) with
SD1 or SD2 of the split Gaussian ﬁt, respectively. A
correlation of the size of the two standard deviation
values derived from the split Gaussian ﬁt showed an
R2 > 0:99, with unity slope, for both the x- and x–
y-random conditions. These small diﬀerences in the es-
timate for the size of the standard deviation and the
relative overlay of the symbols indicate that the use of
the single Gaussian provides a good representation of
the distribution of the data. We also wanted to estab-
lish the eﬀect of a single versus a split Gaussian ﬁt, to
the estimate of the location of the peak (i.e., the ‘mean’
of the Gaussian). The correlation of the mean derived
from a single Gaussian ﬁt versus a split-Gaussian mean,
are shown in panels B and D (Fig. 3), for the x- and x–
y-random conditions, respectively. There is a high cor-
relation of the location of the mean of the Gaussian
derived from the single versus split Gaussian ﬁt (R2 ¼
0:86 and 0.85), for the x- versus x–y-random presenta-
tion conditions. Consequently, we have used the single
Gaussian ﬁt for all the subsequent analysis described in
the results section. Analyses of variance were performed
for the diﬀerent data sets using StatView 5.0.1.
Fig. 3. Correlation plots derived to compare the data ﬁtted with a single Gaussian function and a split Gaussian function. (A) Standard deviation
(SD) from a single Gaussian ﬁt (single G) versus each standard deviation from the split Gaussian (split G) for all presentations in the 4 and 8
experimental series for the x-random paradigm. (B) Correlation of the mean derived from a single versus a split Gaussian ﬁt for all presentations in
the 4 and 8 experimental series in the x-random paradigm. (C) As for (A), but for the x–y-random paradigm. (D) As for (B), but for the x–y-
random paradigm.
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3. Results
The results for x- and x–y-random presentation
paradigms up to 4 eccentricity above or below the point
of ﬁxation, are illustrated in Figs. 4 and 5, respectively.
The data points reﬂect the mean, and the horizon-
tal lines reﬂect the size of the standard deviation of
the ﬁtted Gaussian function. The size of the standard
Fig. 4. The mean displacement (datum point) and standard deviation (error bars) of ﬁtted Gaussian for the correct word recognition scores for all
eccentricities for the six subjects. Words were presented along one eccentricity (x-random presentation strategy), to a maximum of 4 eccentricity
above or below the point of ﬁxation.
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deviation does not represent a ‘goodness of ﬁt’ param-
eter, but rather the spread of the percent correct data
along the horizontal meridian. A small standard devia-
tion reﬂects that words presented away from the vertical
zero position were not easily read, and vice versa for
larger standard deviations.
For words that were presented along one horizontal
plane at one eccentricity (x-random paradigm), the peak
Fig. 5. The mean (datum point) and standard deviation (error bars) of ﬁtted Gaussian for the correct word recognition scores for all six subjects. The
presentations were random within a 91 position matrix (x–y-random presentation strategy), to a maximum of 4 eccentricity above or below the point
of ﬁxation.
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of the probability correct function is always displaced
towards the right of ﬁxation (Fig. 2). The mean dis-
placement for the right bias for x-random presentations
ranged from 0.36 (Subject 1) to 0.75 (Subjects 4 and 5).
Fig. 4 also shows that the right bias is evident at all
eccentricities tested. When words were randomly pre-
sented (x–y-random paradigm) within an 81 position
matrix, the mean displacement for all eccentricities
above and below ﬁxation ranged from 0.09 (Subject 1)
to 0.30 (Subject 4; Fig. 5). The right bias in word rec-
ognition evident with the x–y-random paradigm (Fig. 5)
was often reduced and at times to the left of ﬁxation,
in comparison to those for the x-random presentation
paradigm (Fig. 4). Fig. 3 also provides a summary of the
location of the displacement of the mean relative to zero
for the x-random (Fig. 3B) or the x–y-random (Fig. 3D)
paradigm for both the 4 and 8 experimental series. For
the x-random paradigm virtually all the data fall into
the ﬁrst quadrant indicating a signiﬁcant right bias is
present. However, the x–y-random paradigm led to data
extending into the third quadrant indicating that the
mean was also to the left of ﬁxation.
The mean bias across all subjects for words presented
using the x-random paradigm was 0.61 and 0.19 to the
right of ﬁxation for words presented using the x–y-
random paradigm (Fig. 6A). On average, all the x-ran-
dom presentations display a higher right bias compared
to the x–y-random presentation paradigm. The experi-
mental procedure was repeated, using stimuli that were 8
mm in size (1.04 logMAR units) and presented up to 8
eccentricity above or below ﬁxation. Words were once
again presented at random at eccentricities of 0–4 to the
left and to the right of ﬁxation but at eccentricities of 0,
2, 4 and 8 superior or inferior to ﬁxation using the x-
and x–y-random paradigm. The summary data are
shown in Fig. 6B. The mean bias for words presented
using the x-random paradigm was 0.89 and the mean
bias was 0.01 for words presented using the x–y-
random paradigm. As for the 4 experimental series, the
right bias was eﬀectively eliminated when the x–y-ran-
dom paradigm was used in the 8 experimental series.
The ratio of the average right bias determined for the 8
experimental series (using the 8 mm high letters), with
the 4 experimental series (using 4 mm high letters), was
2:12	 0:87 (mean	 SD for the ratio of the six subjects).
This implies that doubling the letter size doubled the
amount of right bias using the x-random paradigm.
Testing null hypothesis #1: ‘‘Word recognition at ec-
centricities superior and inferior to ﬁxation results in a
similar right bias.’’ Statistical analysis of the x-random
data sets indicated that there was no signiﬁcant diﬀer-
ence of the right bias when testing eccentricities of the 4
experimental series above or below the point of ﬁxation
(ANOVA, p ¼ 0:07), or the data set extending out to 8
(ANOVA, p ¼ 0:37). We therefore cannot reject our ﬁrst
null hypothesis. We conclude that the right bias does not
vary with eccentricity, likely indicating that the same
underlying mechanism exists producing a right bias
when presenting words along a horizontal plane at ret-
inal eccentricities up to 8 above or below the point of
ﬁxation.
Testing null hypothesis #2: ‘‘The right bias in word
recognition is unchanged with diﬀerent presentation
paradigms.’’ Comparison of the means of the Gaussian
ﬁts obtained for words presented using the x- versus the
x–y-random paradigm showed a signiﬁcant diﬀerence
between the two test paradigms (ANOVA, p < 0:0001),
for data sets extending to 4 or 8 above and below the
point of ﬁxation. The signiﬁcant reduction in the right
bias created by using the x–y-random paradigm, leads
us to reject our second null hypothesis and conclude that
the presentation paradigm aﬀects the right bias in word
recognition of Western languages such as English.
We also compared the eccentric locations of 0, 2
and 4 above and below the ﬁxation locus (total of
ﬁve eccentric locations) derived using data sets ob-
tained from the 4 and 8 experimental series. Although
the eccentricities we analyzed are identical, the size of
the words was diﬀerent for the 4 versus 8 experimen-
tal series. A signiﬁcant diﬀerence exists (ANOVA,
p < 0:03), when comparing the right bias obtained
from the same ﬁve eccentric locations in the x-random
Fig. 6. The mean displacement to the right of ﬁxation for the percent
correct recognition of words across eccentricities (A) up to 4 and (B)
up to 8 superior and inferior to ﬁxation for words presented in the x-
random (mean ¼ (A) 0.61; (B) 0.89) and x–y-random (mean ¼ (A)
0.19; (B) 0.01) paradigm for each Subjects 1–6. The error bars
represent the standard error of the mean.
J. Battista, M. Kalloniatis / Vision Research 42 (2002) 1583–1592 1589
paradigm. The 8 data set showed a signiﬁcantly higher
right bias. This change was not dependent upon eccen-
tricity (ANOVA, p ¼ 0:13). When we conducted the
same analysis for the x–y-random paradigm, no signif-
icant diﬀerence was found (ANOVA, p ¼ 0:46) for the
4 versus 8 experimental series, i.e., both showed vir-
tually no right bias.
We noted earlier that the larger target size resulted in
a greater right bias. The possibility exists that the x-
versus x–y-random paradigms lead to poorer perfor-
mance leading to an alteration in the right bias. We
investigated this possibility by determining the variation
in the probability correct (i.e., the height of the Gaussian
ﬁtted function), for the two paradigms. The second in-
vestigation determined the size of the standard deviation
of the ﬁtted Gaussian, which reﬂects the variation in
performance of word recognition away from the vertical
zero position.
Fig. 7 shows the peak of the probability correct for
the two experimental series. Although the maximum
correct response is 100%, the ﬁtted peak was at times
slightly higher leading to error bars extending beyond
100%. For the 4 experimental series, the x–y-random
paradigm consistently leads to a Gaussian maximum at
a lower position compared to the x-random condition
(ANOVA, p ¼ 0:002). However, when the larger test
target was used in the 8 experimental series, no signif-
icant diﬀerence was noted (ANOVA, p ¼ 0:63). For
both data sets, there is a signiﬁcant reduction in the peak
of the probability correct as a function of eccentricity
(ANOVA, p < 0:0001) as well as alteration in the size
of the standard deviation. At larger eccentricities, the
standard deviation of the Gaussian appears smaller,
indicating that the subjects were less able to correctly
identify words away from the vertical zero position.
Increased eccentricity resulted in a smaller standard
deviation of the ﬁtted Gaussian for both the 4 and 8
experimental series (ANOVA, p < 0:0001). Analysis of
the standard deviation for the 4 and 8 experimental
series demonstrated that the test paradigm is important
for the standard deviation. When we compared the
standard deviations obtained for the x- and x–y-random
paradigm, for the 4 and 8 experimental series, a sig-
niﬁcant diﬀerence was found for the two paradigms
(ANOVA, p < 0:04 and p < 0:003 for the 4 and 8
experimental series, respectively), indicating that the
x–y-random paradigm resulted in smaller standard de-
viations of the ﬁtted Gaussian. The lower probability
correct functions and smaller standard deviation at ec-
centricities away from primary gaze most likely reﬂects
the poorer resolution of the peripheral retina (Levi et al.,
1985), as well as reduced visual span (Legge, Ahn, Klitz,
& Luebker, 1997).
We suggest that the marked reduction in the right
bias is not due to overall poorer performance for the
following reasons. First, performance is poorer in the
periphery as measured by the reduced probability cor-
rect function and smaller standard deviations of the
ﬁtted Gaussian. If performance was a factor in the right
bias, we would expect to observe an eccentricity de-
pendent change in the right bias. Second, although a
performance diﬀerence exists with respect to the height
of the peak of the probability correct function for the 4
experimental series, when the target was larger in the 8
experimental series, no such diﬀerence was found. De-
spite the marked right bias for the 8 experimental se-
ries, on average, the subjects were recording close to
100% correct for eccentricities up to 4 above or below
the point of ﬁxation.
Fig. 7. The peak of the ﬁtted Gaussian function (expressed as the
mean of percent correct) as a function of eccentricity for the 4 ex-
perimental series (panel A) and 8 experimental series (panel B). For
the 4 experimental series, the x-random paradigm led to slightly better
performance at all eccentricities. For the larger test target used in the
8 experimental series, the peak of the probability correct was close to
100% for eccentricities out to 4 above or below the point of ﬁxation.
Error bars are SEM.
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4. Discussion
The present study was designed to examine whether
the commonly found right bias in the recognition of
English words (Bouma, 1973; Mishkin & Forgays,
1952), exists at eccentricities superior and inferior to the
point of ﬁxation and whether this bias can be modiﬁed
using diﬀerent presentation paradigms. We found a
similar right bias at diﬀerent retinal eccentricities which
was markedly reduced with the implementation of a
diﬀerent presentation paradigm. Word recognition is
better to the right of ﬁxation than it is to the left,
however it is diﬃcult to ascertain a cause for this phe-
nomenon because it is robust as it is found across words
with diﬀerent information values of beginning and end.
Also, a bias towards the direction of reading is found in
bilingual subjects reading for example, English (left to
right) and Hebrew (right to left; Barton, Goodglass, &
Shai, 1965; Mishkin & Forgays, 1952; Orbach, 1952).
A common question in the literature regarding the
right visual ﬁeld advantage in word recognition is whe-
ther the right bias develops only during the maturation
of the reading skill. Although the evidence is inconclu-
sive, some relation with reading skill has been suggested
(Forgays, 1953; McKeever & Huling, 1970). The later-
ality of cognitive functions are frequently assessed due
to stimuli presented in the left visual ﬁeld being initially
projected to the right cerebral hemisphere, whilst stimuli
presented to the right visual ﬁeld are projected to the
left cerebral hemisphere. It has been argued that the
diﬀerences between the left and the right visual ﬁeld
are due to an asymmetric functioning of the two cere-
bral hemispheres (Bradshaw & Nettleton, 1983).
It would be plausible to assume that the right visual
ﬁeld advantage for word recognition may be due to the
left hemispheric dominance for language processing
(Bradshaw & Nettleton, 1983; Bryden, 1982; Brysbaert,
Vitu, & Schroyens, 1996). However, besides the bidi-
rectional nature of the bias in bilingual subjects (noted
earlier), factors other than the structural characteristics
of the visual pathways and the cerebral cortex must be
acknowledged and these include the eﬀects of lateral
masking and the physical nature of the word, reading
habits and attention allocation (Bouma, 1973). A dif-
ference in performance for diﬀerent parts of the visual
ﬁeld includes word recognition (as reported using the x-
random paradigm), and reading performance where a
superiority is reported for the lower visual ﬁeld (e.g.,
Mishkin & Forgays, 1952; Petre, Hazel, Fine, & Rubin,
2000; Rubin, 2001). Rubin (2001) reported an increased
word reading speed and fewer saccadic eye movements
when subjects attended to the right versus the left visual
ﬁeld. Another recent study showed that eccentric read-
ing is faster in the inferior visual ﬁeld than it is in the left
or right visual ﬁeld (Petre et al., 2000). The authors
propose that the words in the right visual ﬁeld have their
leading letter closer to ﬁxation than words in the left
visual ﬁeld. As a result, if there were a leading letter
preference for word recognition, then this would result
in a right visual ﬁeld advantage for word recognition.
However it is unlikely that a leading letter preference
would be the cause of any of the right bias reported in
the current study, as words were selected with consid-
eration given to the leading letter. In addition, studies
have demonstrated that the highest accuracy was for
outer letters (Bouma, 1973; Legge et al., 2001). Also, the
presentation location for the words using the x- versus
x–y-random paradigm was identical, and hence any
diﬀerence between the paradigms must be due to other
factors.
Patients with central visual loss represent a large
proportion of the visually impaired population and ac-
count for 50% of patients presenting to low vision
clinics (Rubin, 2001). Although patients with central
visual ﬁeld loss associated with age related maculopathy
(ARM), predominantly ﬁxate to the left or right of their
scotoma (Sunness, Applegate, Haselwood, & Rubin,
1996), their choice of ﬁxation location does not corre-
spond to the optimal location for maximum reading
performance (Fine & Rubin, 1999a,b; Rubin, 2001).
Patients with dense central scotomas can be trained to
use a diﬀerent retinal locus to improve reading perfor-
mance (Nilsson, Frennesson, & Nilsson, 1998), with the
results of this study implying that word recognition in
the periphery displays a similar right bias to that of the
fovea. The right bias present at central and peripheral
locations was not totally dependent upon performance
level since it did not vary as a function of eccentricity
nor when words were presented at suprathreshold levels.
In a study that explored the eﬀect of covert transient
attention on performance in spatial resolution using pe-
ripheral precueing, performance improved at attended
locations which was a result of enhanced spatial reso-
lution at the cued location in addition to distracter
exclusion, diminished uncertainty and decisional fac-
tors (Yeshurun & Carrasco, 1998, 1999). Yeshurun and
Carrasco (1999) also reported a signiﬁcant diﬀerence in
performance levels at diﬀerent parts of the visual ﬁeld for
diﬀerent visual tasks (gap resolution task: Landolt-
square, and broken line) but not for a vernier task. Not
only was resolution improved, but suprathreshold re-
sponses (reaction times) were also improved after pre-
cueing for tasks limited by the retinal mosaic (gap
resolution) or by cortical factors, i.e., vernier task (Ye-
shurun & Carrasco, 1999). Considering that the drop oﬀ
characteristics in word recognition in the periphery
generally follows the vernier drop oﬀ (e.g., Abdelnour &
Kalloniatis, 2001; Chung et al., 1998; Latham & Whi-
taker, 1996; Levi et al., 1985), word recognition threshold
levels may have been modiﬁed via precueing the sub-
ject when they attended one horizontal meridian in the
x-random paradigm. In support of altered attention
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leading to the right bias, it is possible to train a retinal
locus for reading in patients with central scotomata
(Nilsson et al., 1998), in patients with ARM. We con-
clude that presentation strategy does aﬀect the right bias
in word recognition and that reading habit (subject at-
tending to one horizontal eccentricity) is a factor in the
right bias in word recognition for Western languages.
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